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Foreword  to  the  Second  Printing 


This  report  is  one  of  a  series  presenting  environmental  conditions 
at  sites  where  Army  testing  activities  are  conducted.  The  program  of 
test  site  studies  was  undertaken  to  enable  test  planners  to  select  opti¬ 
mal  conditions  for  scheduling  performance  tests  of  the  Quartermaster^" 
Corps  or  tests  of  othe.  Technical  Services  at  selected  testing  installa¬ 
tions.  This  report  deals  with  the  Arctic  environment  of  northwest 
Greenland,  especially  the  area  in  the  vicinity  of  Thule  Air  Force  Base. 
An  attempt  has  been  made  to  present  as  much  of  the  information  as  pos-* 
sible  in  graphic  or  tabular  form.  The  textual  material  is  intended  to 
supplement  the  graphs  and  maps  and  to  describe  certain  elements  of  the 
environment  which  do  not  lend  themselves  to  graphic  presentation.  Thule 
Air  Force  Base  has  an  Arctic  coastal  environment,  and  provides  a  testing 
facility  at  a  higher  latitude  than  regular  Department  of  the  Army  sites. 

Since  the  initial  publication  of  thio  report  in  August  1956,  Thule 
has  assumed  a  role  of  major  importance  in  the  Department  of  the  Army's 
program  of  testing  under  polar  conditions.  As  the  doorway  to  northwest¬ 
ern  Greenland  through  which  pass  personnel  and  equipment  for  most  mili¬ 
tary  activities  on  the  icecap,  Thule  has  been  the  subject  of  so  much 
interest  that  the  first  printing  of  the  report  was  soon  exhausted.  For 
the  present  edition  an  additional  five  years  of  climatic  records  were 
used  to  revise  the  section  on  climate.  As  the  longer  record  is  more 
reliable,  the  edition  of  August  1956  which  this  replaces  should  be  de¬ 
stroyed.  No  attempt  has  been  made  to  revise  data  for  other  parte  of 
Greenland,  as  the  most  up-to-date  records  for  the  various  stations  on 
the  icecap  will  be  published  in  a  eeparate  report  now  in  preparation. 

The  graphs  from  the  first  edition  have  been  left  unchanged  except  for 
Figures  16,  17,  and  18,  which  were  redrawn  because  the  longer  record 
caused  material  changes  in  the  means  or  totals. 
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Abstract 


Thule,  Greenland,  is  700  miles  north  of  the  Arctic  Circle  and  has 
a  typical  Arctic  coastal  environment.  Although  a  program  of  testing  is 
not  usually  carried  out  at  Thule  proper,  neighboring  areas  include 
numerous  sites  which  are  presently  used  for  Arctic  testing;  examples  are 
the  icecap,  ice  ramp,  and  the  seasonally  snow-free  coastal  area  at  the 
edge  of  the  ice. 

Climatically  the  area  in  the  immediate  vicinity  of  Thule  Air  Base 
has  few  advantages  over  either  Fort  Greely  (Big  Delta),  Alaska,  or  Fort 
Churchill,  Canada,  for  testing  cold-weather  clothing  and  equipment.  The 
absolute  minimum  temperatures  at  the  latter  stations  are  from  10  to  20 
(F)  degrees  lower  than  at  Thule.  However,  Ihule  is  the  doorway  to  the 
icecap,  where  cold-weather  testing  can  be  carried  on  throughout  the  year. 
Climatic  records  from  several  stations  on  the  icecap  indicate  that  tem¬ 
peratures  above  freezing  occasionally  may  occur  at  Camp  Century,  100 
miles  inland.  Daring  the  long  winters  at  Camp  Century  temperatures  below 
-60*  F  may  occur.  Slightly  colder  conditions  occur  farther  inland  than 
Camp  Century. 

While  the  coastal  area  may  become  snow-free  for  a  few  weeks  during 
summer,  surface  conditions  on  the  interior  icecap  permit  testing  of  over¬ 
snow  vehicles  and  equipment  throughout  the  summer.  Melting  and  slush 
along  the  icecap's  periphery  preclude  the  use  of  these  areas  for  testing 
activities  during  July  and  sometimes  during  the  first  two  weekB  in 
August . 
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1.  Introduction 


The  word  ’’Thule"  means  the  remotest  part  of  the  world,  but  present- 
day  Thule  has  ceased  to  be  remote.  It  is  now  the  base  of  supply  for 
both  Arctic  weather  stations  and  Arctic  testing  activities  in  northwest 
Greenland.  This  area  was  formerly  the  home  of  the  Thule  Eskimos,  who 


Figure  1.  Location  of  Thule  and  Other 
Cold  Weather  Testing  Sites 
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have  been  resettled  at  Kanak,  north  of  Thule.  Knud  Rasmussen  founded  a 
Danish  trading  post  at  Thule  in  1910,  and  a  weather  station  was  estab¬ 
lished  there  in  19^6  as  a  joint  enterprise  by  the  US  Weather  R..r-«,i  »r,a 
the  Danish  Government.  Since  1951  these  facilities,  together  with  a 
ship  dock  and  a  flight  strip,  have  been  greatly  expanded.  The  location 
of  Thule  in  relation  to  the  Department  of  the  Army  subarctic  test  sites 
is  shown  in  Figure  1.  . . " 


Thule  Peninsula  has  an  area  of  about  1,000  sauare  miles  and  extends 
from  Wolstenholme  Fjord  to  Dedodes  Fjord  in  Melville  Bay,  and  from  Cape 
Athol  east  to  the  i-ecep  (see  Figure  2).  Other  than  Thule,  the  only 
settlement  in  this  area  is  Dundas  Village,  a  Danish  colony  approximately 
2  miles  north  of  the  Air  Base.  United  States  military  activities  in 
northwest  Greenland  are  now  centered  on  Thule  Air  Base,  on  Thule  Penin- 
Snof  ^  32 'N  latitude  (the  same  latitude  as  southern  Spitzbergen)  and 
65  45 'W  longitude.  It  is  approximately  700  miles  north  of  the  Arctic 
Circle,  and  1758  miles  north  of  St.  Johns,  Newfoundland. 

2.  Climate 


a.  General 


Climatically,  the  Thule  area  has  a  true  Arctic  environment. 
Winters  are  long  and  severely  cold,  and  summers  are  short  and  cool.  The 
combination  of  low  winter  temperatures,  strong  winds,  and  light  snowfall 
makes  this  a  serviceable  area  for  testing  equipment  under  Arctic  condi¬ 
tions.  Testing  on  the  icecap  has  the  advantage  of  year-round  snow  cover, 
freezing  temperatures  during  every  month,  and  subzero  minimum  temperatures 
for  ten  months  or  more  each  year.  The  difficulties  encountered  In  test 
operations  include:  seasonal  inaccessibility  except  by  air,  the  great 
distance  from  CONUS,  higher  costs,  clearances  from  the  Danish  Government, 
limited  support  from  other  military  agencies  in  the  area,  and  the  long 
period  of  darkness  during  the  winter.  Table  I  shows  a  comparison  of  cli¬ 
matic  elements  at  Fort  Churchill,  Canada,  19  years  of  record;  Big  Delta, 
Alaska,  9  years;  Thule,  11  years;  and  an  icecap  station  approximately  200 
miles  east  of  Thule,  2  years. 

b.  Temperatures 


o  Mean  monthly  temperatures  at  Thule  range  from  a  March  lc  *  of 

-14  F  to  a  July  high  of  42°  F.  Even  more  significant  than  the  mean  tem¬ 
peratures,  for  purposes  of  testing,  are  the  extremes  experienced  each 
year.  (See  Figure  3,  Appendix  A.)  An  absolute  minimum  of  -47°  F  has 
been  recorded,  and  minimum  temperatures  below  -25°  F  may  be  expected  on 
an  average  of  47  days  each  winter.  Temperatures  below  0°  F  may  be 
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Table  I 


Climatic  Comparisons  Between 
Subarctic  Test  Sites  and  Thule  Sites 


Big  Delta 
Fort  Churchill 
Thule 
Icecap 


Jan 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

Aug 

Se£ 

Oct 

Nov 

Dec 

Ann 

Mean  Temperature  ( °F) 

-  5 

2 

12 

28 

46 

56 

59 

54 

44 

27 

5 

-  4 

27.0 

-19 

-17 

«*  (5 

14 

30 

43 

54 

52 

42 

27 

6 

-11 

18.0 

-11 

-13 

-14 

0 

23 

36 

42 

40 

28 

14 

0 

-10 

11.3 

-25 

-23 

-29 

-11 

3 

15 

18 

17 

-  9 

-12 

-18 

-38 

-  9-3 

Mean  Precipitation  (inches) 

Big  Delta  .27  .18  .18  .75  .58  2.07  3-l6  2.22  1.62  .38  .25  .37  12.03 

Fort  Churchill  .41  .36  .63  .69  .65  I.51  2.8l  2.54  I.97  I.50  .78  .56  l4.4l 

-26  .29  .14  .12  .17  .25  .68  .57  .58  .47  .39  .21  4.13 

Mean  Wind  Speed  (mph) 

Big  Delta  17  17  10  9  10  9  8  10  10  13  15  14  12 

Fort  Churchill  15  15  14  14  13  12  11  13  16  17  17  15  i4 

99777  7  7  6  8  10  988 


expected  on  most  days  from  November  through  April.  (See  Table  II.)  The 
frequency  of  extreme  temperatures  that  occurred  during  a  six-year  record 
can  be  determined  for  each  month  from  Figures  4  through  15,  Appendix  A.* 
Thule  is  the  wannest  place  in  the  area,  and  testing  operations  on  the  ice¬ 
cap  should  make  provision  for  temperatures  10  to  30  degrees  colder  than  at 
Thule. 


Although  an  absolute  maximum  temperature  of  63°  F  has  been  recorded 
at  Thule,  maximum  temperatures  of  'o0°  F  or  higher  occur  on  an  average  of 
only  once  a  year.  An  average  of  16  days  annually  have  temperatures  exceed¬ 
ing  50°  F.  Frost  may  occur  at  any  time  during  summer,  but  in  the  wnrmest 
month,  July,  it  normally  only  occurs  three  times  and  some  Julys  are  frost 
free. 


*  The  climatic  records  for  Thule  in  Tables  I  -  IV  have  been  revised  for 
the  second  printing  of  the  report  to  reflect  the  11  years  of  record  now 
available.  In  most  cases  the  graphs  in  Appendix  A  were  not  revised  and 
depict  the  6-year  record  that  was  available  at  the  time  of  original 
publication. 
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At  Camp  Century,  a  little  over  100  miles  east  of  Thule  by  trail  and 
at  an  elevation  of  6,900  feet,  maximum  temperatures  during  summer  occa¬ 
sionally  reach  32°  F  but  are  not  apt  to  get  much  higher.  At  a  former  site 
on  the  icecap  (Table  I),  approximately  100  miles  farther  east  but  only 
slightly  higher,  summer  thawing  is  even  less  likely.  Temperatures  below 
zero  have  been  reported  every  month  on  the  icecap  and  during  the  long  win¬ 
ter  temperatures  can  be  very  low,  an  absolute  minimum  of  -73®  F  having  been 
reported. 

While  the  mean  temperature  of  the  coldest  month  at  Thule  Air  Base  is 
5  F  degrees  higher  than  at  Fort  Churchill,  at  the  Icecap  site  it  is  10  F 
degrees  lower  than  at  Fort  Churchill,  The  mean  temperature  of  the  warmest 
month  at  Fort  Churchill  is  12  F  degrees  higher  than  at  Thule  Air  Base  and 
36  F  degrees  higher  than  at  the  Icecap  site.  The  differences  between  Big 
Delta  and  the  Greenland  sites  are  even  greater. 

Because  the  prevailing  temperatures  at  Thule  are  Ion  little  moisture 
can  be  present  in  ufie  air;  therefore,  dewpoints  are  low  despite  the  rather 
high  relative  humidities.  (See  Table  IV,  and  Figure  16  of  Appendix  A.) 


Table  II 


Temperature  (°F) 

Thule  -  Elevation  121  Ft.  -  11  Year  Record 


Month 

Mean 

Daily 

Max 

Record 

Highest 

Mean 

Daily 

Min 

Record 

Lowest 

Average  Number  of  Days 

>  50oM8<  32° 

Min. 

<32°  <  0 

Wjk 

-  4 

36 

-17 

-39 

0 

30 

31 

28 

36 

-20 

-47 

0 

28 

28 

26 

v  ji 

34 

-21 

-43 

0 

31 

30 

28 

4l 

-  8 

-32 

0 

30 

30 

24 

JB3H  ‘ii 

29 

46 

17 

-10 

0 

19 

30 

2 

Jun 

4l 

62 

32 

22 

4 

3 

17 

0 

Jul 

47 

63 

37 

27 

8 

0 

3 

0 

Aug 

44 

62 

35 

20 

4 

0 

7 

0 

Sep 

33 

49 

23 

4 

0 

11 

27 

0 

Oct 

20 

40 

8 

-20 

0 

28 

31 

6 

Nov 

8 

38 

-  7 

-28 

0 

29 

30 

21 

Dec 

-  3 

35 

-16 

-37 

0 

31 

31 

28 

Annual 

17.6 

63 

5.2 

-47 

16 

240 

295 

163 
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Precipitation 


Precipitation  at  Thule  is  light.  Mean  annual  precipitation  is 
4.13  inches,  nearly  half  of  which  falls  as  rain  during  summer.  The  great¬ 
est  mean  monthly  precipitation,  0.68  inches,  occurs  in  July  and  is  essenti¬ 
ally  all  rain  although  a  trace  of  snow  has  been  recorded  in  that  month. 

The  mean  annual  snowfall  figure  of  30.1  inches  at  Thule  is  deceptive, 
for  the  area  is  generally  snow-covered  from  mid-September  to  mid-May,  and 
a  great  amount  of  snow  is  carried  into  the  area  by  high  winds  from  the  ice¬ 
cap,  supplementing  the  moderate  local  precipitation.  In  low  or  protected 
places,  snow  drifts  may  accumulate  to  a  depth  of  many  feet.  Snow  may  fall 
in  any  month,  and  patches  of  snow  may  be  observed  on  the  sides  of  the  val¬ 
leys  and  along  stream  channels  throughout  the  summer.  (See  Table  III  and 
Figures  17  and  18  in  Appendix  A.) 


Table  III 


Precipitation  (inches) 
Thule  -  11-year  record 


Month 

1  Mean  monthly 

Snow- 

depth 

Mean  number  of  days  with 

Precip. 

Snow¬ 

fall 

Trace  or 
greater 

.11"  or 
greater 

Measurable 
snow  depth 

Jan 

0.26 

2.3 

8.0 

17 

0.4 

31 

Feb 

0.29 

3.3 

3.9 

14 

0.7 

28 

Mar 

0.14 

1.6 

8.4 

16 

0.3 

31 

Apr 

0.12 

1.6 

5-8 

13 

0.1 

30 

May 

0.17 

1.8 

2-5 

17 

0.3 

24 

Jun 

0.25 

0.4 

0.1 

13 

0.5 

2 

Jul 

0.68 

T 

0.0 

13 

1.5 

0 

Aug 

0.57 

T 

T 

12 

1.6 

0 

Sep 

0.58 

3-5 

0.7 

16 

1.6 

7 

Oct 

O.47 

7-6 

2-7 

16 

1.4 

25 

Nov 

0.39 

4.8 

5-6 

18 

1.1 

30 

Dec 

0.21 

3.2 

7.0 

17 

0.7 

31 

Annual 

4.13 

30.1 

4.1 

182 

9.0 

238 
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d. 


Wind 


Strong  surface  winds  have  long  been  known  as  the  principal 
weather  hazard  at  Thule.  (See  Table  IV.)  Although  they  may  occur  at  any 
time  of  the  year,  they  are  observed  most  frequently  in  late  winter  and 
spring.  All  winds  over  45  mph  occur  in  the  quadrant  from  east  through 
south,  that  is,  from  off  the  icecap.  These  strong  winds  can  be  attrib¬ 
uted  to  the  contrast  in  temperature  and  therefore  in  air  density  between 
the  open  sea  and  the  cold  icecap.  At  times  cold  air  flows  off  the  icecap 
and  through  the  valleys  gaining  speed  as  its  density  more  sharply  con¬ 
trasts  with  the  warm  maritime  air  of  the  littoral;  under  these  conditions 
winds  over  100  mph  have  been  reported  (although  they  have  not  occurred  at 
the  weather  station.)  Loose  snow  is  picked  up  from  the  icecap  by  these 
winds,  and  blowing  snow  results  in  greatly  reduced  visibility.  Prevail¬ 
ing  wind  directions  are  from  the  icecap  most  of  the  year  but  in  June, 


Table  IV 


Humidity,  Wind,  and  Cloudiness* 
Thule  -  11-year  Record 


Month 

Humidity 

Mean  Mean  Dew 

RH  (i)  Point  ( °F) 

Wind  (mph) 

Mean  Prevl.  Peak 
Speed  Dir.  Gust 

Cloudiness  (%of  time) 

tartly 

Clear  Cxoudy  Cloudy 

Jan 

61 

-21 

9 

E 

73 

50 

12 

38 

Feb 

60 

-23 

9 

E 

70 

46 

13 

41 

Mar 

57 

-26 

7 

E 

89 

54 

14 

32 

Apr 

64 

-  7 

7 

E 

65 

42 

13 

45 

May 

74 

17 

7 

E-W 

68 

33 

13 

54 

Jun 

73 

29 

7 

W 

58 

32 

U 

54 

Jul 

75 

34 

7 

W 

62 

26 

14 

60 

Aug 

77 

33 

6 

W 

74 

28 

14 

58 

Sep 

73 

21 

8 

E 

76 

30 

13 

57 

Oct 

73 

7 

10 

E 

74 

32 

13 

55 

Nov 

66 

-10 

9 

E 

52 

43 

11 

46 

Dec 

62 

-19 

8 

E 

62 

57 

10 

33 

Annual 

68 

3-7 

8 

E 

89 

40 

13 

47 

•Based  on  hourly  observations. 
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July,  and  August  air  flow  is  more  frequently  from  the  sea>  bringing  more 
cloudiness  and  fog.  While  mean  monthly  wind  speeds  at  Thule  are  lower 
than  at  either  Fort  Churchill  or  Big  Delta,  the  occurrence  of  density 
winds  in  the  Thule  area  sho’tld  be  considered  when  planning  tests  of  such 
items  as  tentage.  (See  Figures  19  and  20  in  Appendix  A.) 

e.  Obstructions  to  Visio.. 


In  winter,  the  periods  of  reduced  visibility  are  mainly 
related  to  blowing  snow.  Fog  rarely  occurs  during  the  winter  months, 
October  through  March,  With  the  appearance  in  spring  of  open  lead6  in 
the  sea  ice  west  of  Thule,  and  the  progressive  advance  of  open  water  as 
the  temperature  gradually  rises,  the  incidence  of  fog  increases.  In  June 
and  July,  fog  is  reported  in  the  majority  of  observations  either  at  or 
within  sight  of  Thule  over  North  Star  Bay.  It  is  a  rapidly  changing  con¬ 
dition.  Freezing  of  the  water  around  Thule  in  September  ends  the  high 
summer  incidence  of  fog.  There  is  little  diurnal  variability  in  fog  dur¬ 
ing  June  and  July  because  of  the  relative  constancy  of  incoming  solar 
radiation  in  these  months.  Cloudiness  data  are  given  in  Table  IV  and 
Figure  21,  Appendix  A. 

f .  Solar  Radiation 

Situated  approximately  10  degrees  north  of  the  Arctic  Circle, 
Thule  experiences  tremendous  variation  in  solar  radiation  from  summer  to 
winter.  Beginning  on  ?4  April  and  continuing  until  21  August,  each  day 
has  24  hours  of  sunlight  (Fig.  22).  From  22  November  until  2b  January, 
each  day  has  2b  hours  of  darkness.  Solar  radiation  received  during  the 
period  from  2  November  to  10  February  iB  insignificant.  Average  daily 
total  solar  radiation  (Table  V)  varies  from  2.6  gram  calories  per  square 
centimeter  in  mid-February  to  624.3  gram  calories  per  square  centimeter 
in  mid- June. 

3.  Terrain  and  Surface  Conditions 


Thule  is  on  the  fjorded,  ice-free,  mountainous  coast  of  northwest 
Greenland.  This  narrow  coastal  strip  consists  largely  of  glacial  topog¬ 
raphy,  but  some  sections,  such  as  Dalrymple  Rock,  are  unglaciated.  Local 
relief  ranges  from  sea  level  to  2,900  feet  in  a  distance  of  approximately 
10  miles.  The  elevation  of  Thule  Air  Base  is  251  feet,  Thule  Weather 
Station  is  121  feet,  and  Thule  Take-Off  (TUTO)  is  1,500  feet  above  mean 
sea  level.  Local  relief  in  the  Nunatarsuaq  area,  20  miles  north  of  Thule, 
ranges  from  sea  level  to  3,100  feet  in  10  miles. 

Thule  Air  Base  occupies  a  small  glacial  trough,  one  of  seven  which 
radiate  from  a  lobe  of  the  central  icecap  projecting  onto  the  Thule 
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Table  V 


Average  Daily  Total  Solar  Radiation 
■"bule,  Greenland 


Period  of 

Record:  1  to  3  years. 

1949-1951 

Unit: 

gram-calories 

1  per  square  centimeter, 

horizontal  surface 

Period 

Radiation  * 

Period 

Radiation  Period  Radiation 

**2/12  to  2/18 

2.6 

5/l4  to  5/30 

586.4 

8/6  to  8/12 

485.0 

**2/19  to  2/25 

9.4 

5/21  to  5/27 

588.3 

8/13  to  8/19 

302.5 

**2/26  to  3/4 

33-1 

5/28  to  6/3 

618.5 

8/20  to  8/26 

538.1 

**3/5  to  3/H 

55/7 

6/4  to  6/10 

583.3 

8/27  to  9/2 

425.9 

**3/12  to  3/18 

99-2 

6/11  to  6/17 

623.0 

9/3  to  9/9 

202.9 

3/19  to  3/25 

137-6 

6/18  to  6/24 

624.3 

9/10  to  9/16 

162.9 

3/2 6  to  4/1 

206.2 

6/25  to  7/1 

534-4 

9/17  to  9/23 

136.5 

4/2  to  4/8 

255.7 

7/2  to  7/8 

504.1 

9/24  to  9/30 

103.9 

4/9  to  4/15 

312.2 

7/9  to  7/15 

544.4 

**10/l  vo  10/7 

61.0 

4/l6  to  4/22 

403.8 

7/16  to  7/22 

514.5 

**10/8  to  10/l4 

39.7 

4/23  to  4/29 

375-7 

7/23  to  7/29 

422.7 

**10/15  to  10/21  28.6 

4/30  to  5/6 

560.5 

7/30  to  8/5 

436.1 

**10/22  to  10/26 

l  9-6 

5/7  to  5/13 

555-3 

*  Compiled  from  original  Weather  Bureau  observations  for  inclusion  in  EPD 
Special  Report,  "An  Analysis  of  the  Environment  of  the  Inland  Ice  of  Greenland," 
by  D.H.  Miller  and  B.  B.  Hull,  January  1954. 

**By  refraction,  true  sun  below  horizon. 
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Peninsula,  these  valleys  were  scoured  out  of  the  stratified  bedrock  by 
small  outlet  glaciers  of  approximately  the  same  size  as  the  present  live 
glaciers  which  can  be  seen  between  Cape  York  and  the  larger  Petowik 
Glacier;  these  glacial  troughs  are  1  to  2  miles  wide  and  5  to  10  miles 
long.  Some  of  the  former  glaciers  which  scoured  troughs  in  the  area  be¬ 
tween  Cape  Athol  and  Moltke  Glacier  were  of  the  hanging  type,  while  others, 
as  at  Thule,  probably  reached  the  sea. 


Wolstenholme  Fjord,  3  miles  north  of  Thule  Air  Base,  is  a  much 
larger  glacial  trough;  it  is  5  to  8  miles  wide  and  20  miles  long.  It 
was  not  only  the  outlet  for  the  former  glaciers  mentioned  above,  but 
also  for  Moltke,  Knud  Rassmussen,  Chamberlain,  and  Salisbury  Glaciers. 

As  backwasting  moved  the  ice  front  of  the  huge  Wolstenholme  Glacier  to 
its  present  tributary  glaciers,  sea  vater  filled  the  trough  which  it  had 
cut  into  the  coastal  rock.  Paralleling  the  Wolstenholme  Fjord  1b  a  more 
shallow  trough  which  is  the  site  of  Thule  Air  Base.  It  constitutes  a 
ramp  rising  from  North  Star  Bay  in  a  gradual  slope  of  100  feet  per  mile 
and  joining  the  tops  of  the  mesa-like  hills  near  the  edge  of  the  icecap. 

The  mesa-like  hills  parallel  to  the  valley  in  which  Thule  is  sit¬ 
uated  have  elevations  of  1,100  to  1,300  feet.  Saunders  and  Wolstenholme 
Islands  in  the  fjord  have  the  same  summit  and  elevation  characteristics 
as  these  hills.  Mount  Dundas  (elevation  7 64  feet),  a  promontory  on  the 
northern  side  of  North  Star  Bay,  is  slightly  lower  than  the  hills  in  the 
area  around  Thule  but  has  a  similar  mesa-like  summit.  The  highest  eleva¬ 
tions  in  the  area  are  adjacent  to  the  central  icecap,  forming  a  rim  of 
mountains  that  are  wholly  or  partly  ice-covered. 

The  bedrock  in  this  area  is  Archean  gneiss  with  some  syenite  drift. 
These  beds  dip  gently  from  south  to  north  and  east  to  west.  Immediately 
on  top  of  the  gneiss  are  nearly  horizontal  Cambrian  6trata  consisting  of 
layers  of  red  or  grey  sandstone  alternating  with  several  types  of  lime¬ 
stone  and  shales,  which  give  a  banded  appearance  to  the  hillsides.  This 
pattern  is  interrupted  by  intrusives  of  Ordovician  age  in  at  least  six 
places  in  the  vicinity  of  Thule. 

Frost  action  disintegrates  surface  exposures  in  many  places,  making 
classification  of  the  rocks  difficult.  Surface  materials  consist  largely 
of  the  coarse  weathered  products  of  the  strata  together  with  drift  and 
moraine  which  have  been  brought  in  by  former  ice  sheets.  Another  result 
of  frost  action  is  the  sorting  of  these  materials  into  stone  nets  on 
nearly  level  ground  and  into  stone  stripes  on  slopes  greater  than  5  de¬ 
grees.  Individual  stone  rings  vary  from  k  to  10  feet  in  diameter,  and 
the  boulders  in  them  are  sometimes  more  than  6  feet  long,  giving  the 
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appearance  of  a  block  field  (felsenmeere).  Stone  ring  fines  constitute 
the  only  soils  in  the  area,  which  are  lithosols.  There  is.  however,  an 
abundant  supply  of  gravel  for  construction  purposes. 

Local  streams  are  fed  by  melt  water  and  are,  consequently,  inter¬ 
mittent.  Natural  ponds  along  the  valley  and  at  several  places  near  the 
foot  of  the  icecap  are  formed  in  depressions  filling  with  melt  water 
during  the  summer.  In  at  least  two  places  near  TOTO,  dams  have  been 
constructed  on  these  ponds  to  facilitate  the  collection  of  drinking  water. 


All  of  the  inland  borders  of  the  Thule  area  consist  of  glaciers. 
Moltke  Glacier  lies  to  the  northeast,  the  Icecap  to  the  east  and  south¬ 
east,  and  Petowik  Glacier  to  the  south.  The  most  accessible  of  these  is 
the  ice  ramp  at  TUTO.  Practically  all  of  the  A.rmy  testing  program  takes 
place  at  the  edge  of  the  ice  at  TUTO  and  on  the  icecap. 

The  ice  ramp  at  TUTO  is  approximately  2  l/2  miles  long  and  10  miles 
wide.  Here  the  elevation  increases  from  1,500  feet  to  2,500  feet  above 
sea  level.  The  surface  of  the  ramp  is  highly  irregular  during  the  sum¬ 
mer  season,  where  it  is  dissected  by  melt  streams  from  1  to  4  feet  deep, 
which  expose  moutonee  ice  and  form  slush  pools.  Deposits  of  coarse 
gravel  are  exposed  along  the  greater  part  of  the  ramp  foot  and  at  scat¬ 
tered  points  on  the  slope.  Near  these  gravel  beds  on  the  ice  are  sev¬ 
eral  acres  of  cryoconite  holes,  sometimes  called  algal  pits,  which  range 
in  size  from  1/4  inch  wide  and  1  inch  or  less  deep  to  1  foot  wide  and  18 
inches  deep.  Each  hole  is  full  of  water,  and  the  floor  of  each  hole  is 
covered  with  dark-colored  sediment.  During  winter,  deep  snow  covers  the 
ramp  and  it  has  a  nearly  uniform  slope. 

The  icecap  immediately  above  the  Thule  area  has  a  relatively  level 
surface  with  a  slight  dip  to  the  north  and  west.  The  level  appearance 
of  the  ice  increases  inland.  For  example,  from  the  top  of  the  ice  ramp 
to  a  point  60  miles  inland,  the  elevation  increases  4,000  feet,  but  in 
the  next  60  miles  the  increase  is  only  2,000  feet.  Directly  above  the 
ramp,  and  extending  inland  in  an  easterly  direction  for  approximately  40 
miles,  the  ice  consists  of  long  shallow  swales  which  are  actually  the  in¬ 
land  basins  of  glaciers  emptying  into  MelvilZe  Bay  to  the  south  or 
Wolstenholme  Fjord  to  the  west.  In  addition,  ice  hills  rising  from  200 
to  500  feet  above  the  general  level  of  the  ice  are  seen  on  inland  pro¬ 
jections  of  the  coastal  mountains.  This  zone  also  has  the  largest  num¬ 
ber  of  crevasses  of  any  part  of  the  icecap,  except  the  outlet  glaciers. 
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:  "r?r=~ * r*ies.f~" *»  >»  *  —  <*■ 

year,  especially in  low  spo.s.  sSiTpJL^rtXinS. 

in  summer,  and  ablation  during  summer  may  remove  as  much  »r  6n  r.m  +v, 
snow  surface  bat  new  .no.  accumulate,  throat  the  «a“  tte  surface 

Vegetation 

The  vegetation  of  the  Thule  arpA  -ic  n  *»  .  ■» 

more  than  120  species  of  plants  have  been  foSd  il  tMs^^a^^0^ 
are  barren  from  mid-August  until  mid-June  w.  t  thl  ’  landscapes 
summer  period  are  usuaUy  loT  rl w  t  /  “  8  appearing  in  the  brief 
tissue.  Nearlv  all  are  perennials  forme  With  tou6h> 

If  fruiting  cannot  tab” 

widefra^gehof  plante^an'beT  T*p0rted  ln  *vei^  lieti^lLwev^r,  a 

i.rssj  srr*sw 

A  few  of  the  plants  that  constitute  the  vecetatinn  of  n  m.  ■, 
are  distributed  throughout  the  ice-free  m-d  fi  f  th  Thule  area 

»uhe  ?ss  s.^sss*"4  or  ir"  *— ss^To, 

to  be  ableatoe  groTan^ere?6"  mWier0Ufl  in  the  area' 

The  tallest  and  commonest  tree,  the  Arctic  v-m™  foon  ...  \ 

sr«"S£:  ss  I; T*P 

higher  than  the  trees  **  ,  th?ir  bran<*es  rise  above  the  ground 

.b?„t  ..th“  2VSS  »  „ 

“ inch  high'  *nd  b“”  *«■  t^issn,ss  ^.rn 


Sastrugi  are  elongated  drifts  of  dense,  packed  snow.  Their  lee  ends 

•  f,yw  ^eWlth  an  abrupt  drop  lf  not  an  overhang.  These  low 
forms  snould  be  differentiated  from  the  "Arctic  Anvil"  type  of  drift? 
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In  mid-July  the  willow  leaves  begin  to  turn  yellow,  and  a  week  or  two 
later  their  orange  and  brown  colors  indicate  that  the  season  of  growth  has 

- 3 

c  i  ivx  c;  « 

Prior  to  the  appearance  of  new  growth  each  spring,  exposed  rocks  are 
nearly  covered  with  a  black  lichen.  The  first  green  vegetation  to  be  seen 
are  algal  beds  and  banks  of  m. ' s  near  the  stream  courses.  These  are  also 
the  last  forms  of  vegetation  seen  each  year,  when  the  snows  during  August 
and  September  cover  the  land  and  the  streams  freeze  over. 

A  preventative  of  scurvy,  locally  called  "scurvy  grass"  (Cochlearia 
officinalis)  is  one  of  the  few  indigenous  plants  sometimes  eaten  by  the 
natives.  Another  is  Oxyrla  dlgyna,  a  small  round-leaved  plant.  In  some 
places  edible  mushrooms  can  be  found.  Arctic  timothy  (Alopecurus  alplnus 
is  sometimes  used  for  insulation  and  as  mattress  filler. 


5.  Insects 


There  is  no  local  problem  from  mosquitoes,  biting  flies,  or  midges, 
as  is  common  in  south  Greenland.  While  several  species  of  insects  have 
been  reported  in  the  Thule  area  during  the  summer  season  -  June  through 
August  -  they  do  not  necessitate  the  use  of  repellents  or  protective  nets. 
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Figure  3 


TEMPERATURE  (°F) 


FREQUENCY  OF  OCCURRENCE  (PERCENT  OF  DAYS) 

20  SO  40  40  40  yn  an  on  .aq 


-  Number  of  days  (or  percent  of  days)  the  doily  maximum  terr.peroture  moy 

be  expected  to  equal  or  be  greater  than  a  particular  temperature. 

Number  of  days  (or  percent  of  days)  the  doily  minimum  temperature  may 
be  expected  to  equol  or  be  less  thon  a  particular  temperoture. 

Example-  A  maximum  temperature  of  I3°F  or  greater  may  be  expected  to 
occur  8  days  during  January- 

Figure  4. 
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frequency  of  occurrence  (percent  of  dots) 

1  ,3,°  ,  _ TO _ 80  90 


FEBRUARY 

EXTREME  TEMPERATURE 

frequency 

Thule , GREENLAND 

Length  of  Record  6  yeors 


*  6  •  '0  I*  14  18  18  20  ft  84  it  ?« 

FREOUENCT  OF  OCCURRENCE  (NUN8CR  OF  OATS) 

Number  of  day,  (or  percent  of  doys)  the  doily  maximum  tempero- 
.emp.To0»ure#  ^  ^  ,0  eqU01  "  b<  9r60,#r  ,ho"  0  P-rtl««lar 

r::ber  °V°y$  (°'  JM*  of  doy*>  th«  d°"y  fempero- 

C.7oyturVeXPeCU  '°  ,<,U°,0rb‘  ’h‘"  °  part.ciHor 

Example.  A  maximum  temperature  of  0»F  or  greater  may  be  expected  to 
occur  10  days  during  February. 


Figure  5. 
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Number  of  doys  (or  percent  of  doys)  the  doily  minimum  temperature  moy 
be  expected  to  equal  or  be  less  thon  a  particular  temperature- 

Example-  A  maximum  temperature  of  3*F  or  greater  moy  be  expected  to 
occur  8  doys  during  March. 


Figure  6. 
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FREQUENCY  OF  OCCURRENCE  (PERCENT  OF  DAYS) 


- Number  of  doys  (or  percent  of  doys)  the  doily  maximum  temperature 

may  he  expected  to  equal  or  be  greater  than  a  particular  temperature. 

- Number  of  doys  (or  percent  of  doys)  the  doily  minimum  temperature 

may  be  expected  to  equal  or  be  less  than  a  particular  temperature. 

Example'.  A  maximum  temperature  of  I4*F  or  greater  may  be  expected  to 
occur  8  days  during  April. 


Figure  7. 
22 
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FREQUENCY  OF  OCCURRENCE  (PERCENT  OF  DAYS) 


- Number  of  days  (or  percent  of  doys)  the  doily  maximum  temperature  may 

be  expected  to  equal  or  be  greoter  thon  o  particular  temperoture. 

- Number  of  days  (or  percent  of  d.oys)  the  doily  minimum  tern  '•rature  may 

be  expected  to  equal  or  be  less  thon  o  porticular  temperature. 

Example'.  A  maximum  temperature  of  34°F  or  greoter  moy  be  expected  to 
occur  8  days  during  Moy. 

Figure  8. 
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FREQUENCY  of  OCCURRENCE  (PERCENT  OF  DAYS) 


Numbe.  of  boys  lor  percent  of  boys)  the  doily  maximum  tomperoture 
may  be  expected  to  equal  or  be  greater  than  o  porticulor  temperature 

Number  of  days  (or  percent  of  doys)  the  doily  minimum  temperoture 
maybe  expected  to  equal  or  be  less  than  a  particular  temperature. 

Example:  A  maximum  temperature  of  36»F  or  greater  may  be  expected  to 
occur  23  days  during  June. 


Figure  9. 
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- Number  of  days  (or  percent  of  doys)  the  doily  moximum  temperature  moy 

be  expected  to  equol  or  be  greoter  thon  a  particular  temperoture. 

- Number  of  days  (or  percent  of  doys)  the  doily  minimum  temperoture  moy 

be  expected  tc  equal  or  be  less  thon  o  porticulor  temperoture 

Example:  A  maximum  temperoture  of  46°F  or  greoter  moy  be  expected  to 
occur  15  days  during  July. 


Figure  10 


Number  of  days  (or  percent  of  days)  the 
be  expected  to  equal  or  be  greater  thon 


doily  maximum  temperatur? 
o  port iculor  temperoture. 


may 


Number  of  days  (or  percent  of  days)  the  doily  minimum  temperoture  moy 
be  expected  to  equal  or  be  less  thon  o  porticulor  temperoture- 


Example:  a  maximum  temperature  of 
occur  8  days  during  August. 


46°F  or  greater  moy  be  expected  to 


Figure  11. 


Number  of  days  (or  percent  of  doys)  the  doily  maximum  temperature 
may  be  expected  to  equal  or  be  greater  than  a  particular  temperature 

Number  of  days  (or  percent  of  doys)  the  doily  minimum  temperature 
may  be  expected  to  equal  or  be  less  than  a  particular  temperature. 

Example.  A  maximum  temperature  of  36°F  or  greater  moy  be  expected  to 
occur  8  days  during  September. 


Figure  12. 
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FREQUENCY  OF  OCCURRENCE  (PERCENT  OF  DAYS) 
20  SO  40  50  60  To  an 


0  2  4  6  •  10  i2  14  16  l«  20  22  24  26  26  SO 

FREQUENCY  OF  OCCURRENCE  (NUMBER  OF  DAYS) 

- -Number  of  days  (or  percent  of  doys)  the  doily  moximum  temperature  moy 

be  expected  to  equal  or  be  greater  thon  a  particular  temperature. 

Number  of  doys  (or  percent  of  doys)  the  doily  minimum  temperature  may 

be  expected  to  equal  or  be  less  thon  a  particular  temperoture. 

Example:  A  moximum  temperoture  of  26*F  or  greater  moy  be  expected  to 
occur  5  doys  during  Gclobir. 


Figure  13* 
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TEMPERATURE  (°F) 


FREQUENCY  OF  OCCURRENCE  (PERCENT  OF  DAYS) 


- Number  of  days  (or  percent  of  doys)  the  daily  minimum  temperature 

may  be  expected  to  equal  or  be  less  than  a  particular  temperature- 

Example:  A  maximum  temperature  of  19®  F  or  greater  moy  be  expected  to 
occur  8  days  during  November. 


Figure  LA, 
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TEMPERATURE  (C'F) 


FREQUENCY  OF  OCCURRENCE  (PERCENT  OF  DAYS) 


■  Number  of  doys  (or  percent  of  doys)  fhe  doily  moximum  temperoture  may 
be  expected  to  equal  or  be  greoter  thon  o  porticulor  temperoture. 

- Number  of  doys  (or  percent  of  doys)  the  doily  minimum  temperofure  moy 

be  expected  fo  equal  or  be  less  thon  o  particular  temperature- 

Example:  a  maximum  temperature  of  IO°F  or  greater  moy  be  expected  to 
occur  8  days  during  December. 


Figure  15. 
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AVERAGE  HOURLY  TEMPERATURE, 
DEWPOINT,  AND  RELATIVE  HUMIDITY 
JANUARY  AND  JULY 
THULE,  GREENLAND 

8-YEAR  RECORD 


VqIum  plotted  are  means  of 
each  3~ hour  period 


hourly  observations 


for 


Figure  16. 
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Total  Precipitation  (water  equivalent).  Inches 
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Snd'wfoll,  inches 


Mean  number  of  days 
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Figure  19  a. 
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Figure  20. 
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Figure  23.  North  Star  Bay  in  July.  The  table  mountain  in 
the  background  is  Mount  Dundas. 


Figure  24.  The  Thule  Trough  in  July,  This  picture  was 
taken  from  a  point  near  the  south  rim  of  the  valley, 
looking  east  toward  the  icecap. 
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Figure  25.  Moraine  at  the  edge  of  the  icecap  near  TUTO 
in  July.  Notice  the  ground  deposits  on  the  ice. 


Figure  26.  Thule  barracks  area  in  April.  These  buildings 
were  erected  on  blocks  three  to  four  feet  above 
the  ground  surface. 
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Figure  27.  TUTO  in  August,  showing  the  ice  ramp  in  the 
background  and  new  snow. 


Figure  28.  Snow  accumulation  in  April  at  the  same 
spot  as  shown  in  Figure  27. 
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